Infl uence of fl y-ashes on properties of ordinary concretes. Care of the environment in accordance with the principles of sustainable development introduces the possibility and need for waste recycling. The construction and building materials industry has the greatest potential for reuse of waste. The article presents the results of investigations of selected properties (consistency, water absorbability, compressive strength and tensile strength after 28 and 56 days of curing, depth of penetration) of ordinary concretes and concretes containing fly-ashes -calcareous and siliceous ash − in their composition. To make the samples, the Portland cement CEM I 42.5 R and natural aggregate with graining of 0-16 mm were used. The concrete with siliceous and calcareous admixtures was made in three lots where the ash was added in the quantity of 15, 20 and 30% of the cement mass. After the tests, it was stated that the fly-ash admixture does not increase the air content in the mix, it increases the compressive strength in time and the siliceous ash improves the splitting tensile strength.
INTRODUCTION
The perspective of depletion of mineral fuels and the care of environment influenced the determination of strategic goals for the states -members of European Union for the oncoming years in a framework of the strategy "Europe 2020". Innovative solutions are being introduced, encompassing i.a. the energetic sector. Nowadays, the global power industry seeks for alternative sources of renewable energy. Apart of the conventional fuels, like brown and bituminous coal (Deja and Antosiak 2012), successful attempts of biomass combustion or co-combustion are being observed (Golec et al. 2007, Rutkowska and Małuszyńska 2014) . The combustion by-products arising as a result of combustion in a professional power industry were recycled by disposal on the earth surface or underground in mines (Koda and Osiński 2011) . This form of ash recycling results in degradation of surface and underground water due to the penetration of components from the wastes in the area of their disposal (Rosik--Dulewska and Karwaczyńska 2008) . Hence the investigations are necessary which would encompass i.a. the evaluation of possibilities of application of fly--ashes in the material recycling used in the building industry. This evaluation is the topic of this paper.
The idea of application of fly-ash in the ordinary concrete production is not new. Fly-ashes were applied as first in the USA in the 1930s (Wesche 1991 , Malhotra and Ramezanianpour 1994 , ACI Committee 1996 , Joshi and Lohtia 1997 , Comões 2002 . In Poland and Europe, the siliceous fly-ashes coming from the combustion of bituminous coal have wide application in the cement technology, mainly in the concrete technology (Giergiczny 2006 , Giergiczny 2013 . Present among the ingredients of cement and concrete, the fly-ashes cause that the quantity of the cement clinker and aggregates needed in the concrete production is lower. In consequence, it evokes savings of natural materials and mineral fuels as well as reduction of the environment pollution and emission of carbon dioxide (Deja and Antosiak 2012). The wide application of the fly--ash in the building industry is mainly due to: its high fineness, close to this of the cement, its chemical constitution and phase composition as well as its reactivity, particularly the pozzolanic activity. At the same time, the fly-ash has the positive influence on some features of the concrete (Lai and Serra 1997 , Kim and Kim 2002 , Gupta 2007 . These factors cause that the production of fly-ash concretes is attractive both for producers and for final consumers.
The paper presents the results of investigations which were aimed to analyze how the siliceous and calcareous fly-ashes added to an ordinary concrete mix influence the technical properties of the mix.
Possibilities and scope of application of the fly-ashes in the concrete production are defined by the stand- 
MATERIAL AND METHODS

Methodology
The research and design procedures are based on the directives contained in the currently binding Polish building standards. The tests were performed in the Laboratory of Building Constructions of the Department of Civil Engineering as well as in the Laboratory of Physical Processes in Building in the Water Center of the Faculty of Civil and Environmental Engineering of Warsaw University of Life Sciences (WULS).
The concrete for the samples being tested was calculated as ordinary concrete according to the standard PN-EN--206-1:2003. To perform the tests, C20/25 concrete mixes with the F2 type consistency (viscoplastic) were prepared. The mix composition was calculated with the use of the method of three equations according Kluz-Eyman. To prepare the concrete samples, ordinary aggregate with the graining 0.125-16 mm and Portland cement without admixtures were used.
The consistency of the concrete mixes was tested with the concrete slump test according to the standard PN-EN 12350-2:2009. To investigate the compression strength, the samples of the size 100 × 100 × 100 mm were used. The investigations were performed according to the directives contained in the stand-ard PN-EN 12390-3:2009 . The samples were subjected to the tests after 28 days of the concrete curing period. To investigate the splitting tensile strength, the samples of the size 150 × 150 × 150 mm were used. The investigations were performed according to the directives contained in the standard PN-EN 12390-6:2009 . The water penetration depth was tested according to the directives contained in the standard PN-88/B-0650.
Fly-ashes for concretes
Grains of fly-ash have the diameter from 1 to 150 μm -it is close to the cement grain diameter falling into the range 7-12 μm (Joshi and Lohtia 1997). They usually have a spheroid shape, but they can also be prismatic and irregular. They contain ca. 80% of glass and are characterized by high fineness. The Blaine specific surface is equal 250-550 m 2 /kg (Alonso and Wesche 1991) . According to Malhotra and Ramezanianpour (1994) , the graining and the surface of the fly-ash is not connected to its source. The grains bigger than 125 μm have high porosity. It is due to the higher share of coal. High content of coal affects the concrete freeze resistance (the higher content of coal, the lower freeze resistance) as well as increases the water demand [Alonso and Wesche 1991] .
Taking the chemical properties into consideration, the fly-ashes contain mostly silica, Al 2 O 3, Fe 2 O 3 and CaO. There is significantly less MgO, Na 2 O, SO 3 (ACI Committee 1996, Malhotra and Ramezanianpour). The content of the main ingredients fluctuates but their share complies with the standard and it falls into the ranges: SiO 2 -35-60%, Al 2 O 3 -10-30%, Fe 2 O 3 -4-20% and CaO -1-35% (ACI Committee 1996).
According to Alonso and Wesche (1991) , the pozzolanic activity of the fly-ashes depends on the silica content, however, according to Camões, the reduction of this content does not worsen the properties of concrete mix and hardened concrete (Camões 2002, Martins and Camões 2013) .
The fly-ash, applied in the investigations, is a very fine ash with hydraulic and pozzolanic properties. The main ingredients are: reactive calcium oxide (CaO), reactive silicon dioxide (SiO 2 ) and aluminum oxide (Al 2 O 3 ). Table 1 shows the composition of fly-ashes used in the investigations. 
Laboratory tests
To make the samples, first type Portland cement without admixtures was used (Cement Plant "Odra" S.A., Opole, Poland). The fly-ashes used for the fly-ash concrete samples came from two thermal-electric power stations: Siekierki (Warsaw) and Bełchatów; they complied with the requirements given in the standard PN-EN 450-1+A1:2009 on the requirements for the fly-ashes applied in the concrete production.
The tests consisted in the comparison of features of ordinary concretes produced in the traditional way as well as the concretes containing the combustion by-products in form of fly-ashes of two types -siliceous and calcareous. To do this, three types of concrete samples were prepared: without any admixtures, with addition of the siliceous fly-ash, with addition of the calcareous fly-ash.
The constant grain composition of the aggregates was retained both in the samples without admixtures and in the samples with addition of the fly-ashes − the percentage content of individual fractions was determined by iterations ( Fig. 1) .
All of the concrete mixtures were prepared in the Laboratory of Building Constructions of the Faculty of Civil and Environmental Engineering of WULS--SGGW. During the tests the following properties of concrete mix and hardened concrete were investigated:
consistency of concrete mix, density of concrete mix, air content, concrete absorbability, compression and bending strength after 28 and 56 days of curing, splitting tensile strength. To perform the tests, the C20/25 concrete mixes of viscoplastic consistency were designed. The quantity of ingredients of the concrete mix was calculated with the method of three equations according Kluz-Eymann [Jamroży 2005]. To prepare the concrete samples, natural aggregate with graining of 0.125-16 mm as well as 42.5 type Portland cement without admixtures with density of 3.1 kg/dm 3 and early strength R were used. Compositions of the concrete mixes for 1 m 3 of batch are presented in Table 2 . After establishing a recipe the concrete mixes were produced and laboratory tests were performed.
RESULTS OF THE CONCRETE MIX TESTS
Concrete mix density test
The density of the concrete mix without ash admixtures was equal 2.365 kg/dm 3 and was slightly lower than the density of the mix with the 20% of siliceous and calcareous ash content, which was equal 2.369 kg/dm 3 for the both cases (Fig. 2 ). The lowest value was obtained for the mix with the 15% of siliceous ash content -it was equal 2.316 kg/dm 3 ; for the calcareous ash of the same content, the obtained value was equal 2.351 kg/dm 3 . The density of the concrete mix with the 30% of calcareous ash content was equal 2.331 kg/dm 3 , however, for the siliceous ash content − 2.337 kg/dm 3 . Figure 3 shows the results of the performed tests of air content in concrete mix. The concrete mix without ash admixture showed the lowest air content equal 2.4%. Along with the increase of ash content in the mix, the increase of the air content was observed. It was equal 2.9% for the concrete mix with the 15% of siliceous ash content and 2.7% − calcareous ash content. The mixes with the 20% of siliceous and calcareous ash content reached 3.2 and 3% of the air content, respectively. The mix with the 30% of siliceous ash content contained 3.6% of air, however with the calcareous ash -3.6% of air. Table 3 presents the results of the consistency test performed with the concrete slump test as well as the consistency class obtained in the test.
Air content
Consistency tests: slump test and Vebe test
The concrete mixes were characterized by small and very similar slump and all of them were qualified as belonging to the S1 consistency class. It could be observed in the Vebe test that the measured time decreased along with the increase of the siliceous ash content whereas it increased along with the increase of the calcareous ash content. According to the Vebe test, the mix with the 20 and 30% of calcareous ash content was qualified as belonging to the V2 consistency class, whereas the remaining mixes -V3 consistency class.
RESULTS OF THE HARDENED CONCRETE TESTS
Compressive strength test
Tables 4-5 and Figures 4-5 present the results of the compressive strength tests for concrete samples of a cubic form with the size of 100 × 100 × 100 mm.
The tests were performed after 28 and 56 days of concrete curing. Mix with 20% of siliceous ash content 1.3 S1
Mix with 30% of siliceous ash content 2.2 S1
Mix with 15% of calcareous ash content 1.2 S1
Mix with 20% of calcareous ash content 1.6 S1
Mix with 30% of calcareous ash content 1.9 S1 6, 7) that the concrete compressive strength significantly exceeds the strength predicted during mix calculations. Each of the samples was characterized by a higher value than the assumed 25 MPa. The average compressive strength of the concrete without admixtures after 28 days of curing was equal 50.7 MPa, whereas after 56 days -54.6.
Along with the increase of the siliceous ash content, the concrete strength decreases. For the concretes with the 15% of siliceous ash content, the average strength was equal 35.6 MPa, however for the concrete sample with the 20% of ash content it was equal 35.6 MPa. The samples with the 30% of siliceous ash content reached significantly lower compressive strength. After 56 days siliceous ash calcareous ash FIGURE 5. The average compressive strength after 56 days FIGURE 6. The average strength of concrete with siliceous ash after 28 and 56 days
Siliceous ash content [%]
strength after 28 days strength after 56 days from the production of the samples, next measurements were performed and they showed that the strength increased.
The concrete samples with the 15% of siliceous ash content proved the increase of the compressive strength from 35.6 to 44.9 MPa. For the samples with the 20% of ash content, the increase was to 40.9 MPa and for the samples with the 30% of ash content -to 37.2 MPa. The values for the calcareous ash concretes, for both cases -after 28 and 56 days of curing, were higher than for the siliceous ash concretes. The tests performed after 28 days of curing proved that the concretes with the 15% of calcareous ash content had 10.1 MPa higher compressive strength and it was equal 45.7 MPa. After 56 days of curing, however, this strength was 6.5 MPa higher than for the samples with the siliceous ash and it was equal 51.6 MPa. For the samples with the 20% of the calcareous ash content, the compressive strength was equal 41.4 MPa after 28 days and 47.4 MPa after 56 days of curing. For the samples with the 30% of the calcareous ash content, the average value after 28 days was 34.9 MPa, after 56 days -38.5 MPa - Figure 6 and 7. Figure 8 presents the results of the bending strength tests performed for cuboid samples with the size of 100 × 100 × × 500 mm. The tests were performed after 28 days of curing.
Bending strength test
The highest value of the bending strength was reached by the samples without ash admixtures. The values obtained for all of the samples felt into the range 3.6-5.1 MPa. The same average values were reached by the samples with the 15 and 20% of siliceous ash content. The lowest value was reached by the samples with the 30% of ash content and it was equal 3.7 MPa. The bending strength for the samples with the calcareous ash was significantly higher than this for the samples with the siliceous ash and it reached the values close to those for the pure concrete. The values were equal 4.9 MPa for the 15% of ash content, 4.7 MPa for the 20% of ash content, 4.3 MPa for the 30% of ash content. Figure 9 presents the splitting tensile test results for the concrete samples with the size of 150 × 150 × 150 mm. The tests were performed after 28 days of curing.
Splitting tensile strength test
The highest splitting tensile strength was reached by the samples without ash admixtures. The strength values for the samples with addition of ashes felt into the range 7,7-9,3 MPa. The samples with the 15% of siliceous ash content reached the average value of this strength equal 8.6 MPa. The 0.1 MPa lower strength was reached by the concrete with the 20% of siliceous ash content, however for the samples with the 30% of siliceous ash content this value is equal 8.3 MPa. The splitting tensile strength values for the concretes with the admixture of calcareous ash were lower than those for the concretes with the siliceous ash and were equal 8.2, 7.8, and 7.7 MPa for the 15, 20% and 30% of calcareous ash content, respectively. Figure 10 presents the results of the tests of average depth of penetration of water under pressure in the unmodified concrete as well as in the concretes with various contents of siliceous and calcareous ash.
Depth of penetration of water under pressure
The highest depth of penetration of water under pressure characterized the concrete without ash admixtures -it was equal 2.67 cm into the sample. The lowest value characterized the samples with the 20% of siliceous and calcareous ash content -1.69 and 1.37 cm, respectively. The samples with the 15% of siliceous ash content reached the value of 1.96 cm, whereas the samples with the 30% of siliceous ash content -1.72 cm. For the samples with the calcareous ash, the values were equal 1.68 and 1.49 cm for the 15 and 30% content, respectively. Figure 11 presents the results of the absorbability tests. The highest absorbability characterized the concrete samples with the admixture of calcareous ash. The percentage mass loss was equal 5.5% for the samples with the 20 and 30% of calcareous ash content as well as 5.4% for the samples with the 15% content of this ash. The ordinary concrete was characterized by the average absorbability equal 4.9%, however for the 15% of siliceous ash content, the value was equal 5.1%. The lowest percentage mass loss was observed for the concrete with 20 and 30% of siliceous ash content and it was equal 4.8%. 
Absorbability
DISCUSSION
The tests of seven concrete mixes and seven samples of hardened concrete containing the admixture of siliceous and calcareous ash in quantity of 15, 20 and 30% of binder mass were performed.
The influence of ashes was evaluated on the basis of the results of the tests performed for the concrete mixes (density, consistence and air content tests) as well as for the hardened concrete (tests of compression strength after 28 and 56 days of concrete curing, bending strength, splitting tensile strength, absorbability and depth of penetration of water under pressure).
The ash admixture had smaller or greater influence on each of the tested features. The concrete mix density slightly changed its values, precisely the mix reduced its volume along with the increase of the ash quantity. Along with the increase of the ash content, the air content in the concrete mix increased.
The consistence was tested with two methods − concrete slump test and Vebe test. The concrete slump test gave the same consistence class, S1, whereas the Vebe test showed the change of the consistence class from V3 to V2 in two cases: it was observed for the mix with the 20 and 30% of calcareous ash content.
The compressive strength tests showed that the increasing ash content negatively affects the strength -the higher ash content the lower compressive strength. In the compressive strength tests performed after 28 and 56 days, the strength increase was observed along with the concrete curing time for all of the samples. The strength of the concretes with the siliceous ash admixture was lower than of the concretes with the calcareous ash admixture. For every case the obtained values were higher than those assumed during the mix calculations.
The bending strength for the concretes without admixtures also reached the highest values. Along with the ash con-FIGURE 11. The average absorbability of the concretes tent increase the values of this strength decreased. The bending strength of the samples with calcareous ash was significantly higher than this of the samples with the siliceous ash admixture and almost equal to this of the samples without admixtures.
The splitting tensile strength tests were performed as well. The samples without admixtures were characterized by significantly higher value of this strength. The ash admixture negatively affected the obtained results. The results for the samples with the siliceous ash admixture were close to each other as well as higher than for those with the calcareous ash admixture.
The concrete absorbability tests showed that in every case the concrete can be directly exposed to the influence of atmospheric conditions because the absorbability value exceeded 4%. The highest values were reached by the concretes with the 20 and 30% of calcareous ash content, slightly lower was the value for the concrete with the 15% of calcareous ash content. For the concretes without admixtures and with the siliceous ash, the obtained results were significantly lower.
The results of the tests of the average depth of penetration of water under pressure grade the concretes as a waterproof for each case; the value for the concretes without admixtures was the highest and equal 2.67 cm. Along with the increase of the ash content these values slightly decreased and the lowest one was obtained for the samples with the 20% of calcareous ash content.
SUMMARY AND CONCLUSIONS
The application of mineral admixtures in cement production is currently a common action which is aimed on two aspects: ecological and technological. The direct effect of the application of admixtures is the possibility of recycling of recyclable wastes from the power and smelting industry and the production of cement with defined features which are expected in the building practice. Basing on the performed tests, the following conclusions can be put forward:
The admixture of siliceous and calcareous fly-ash results in the increase of air content in a concrete mix. The influence of the ash admixtures on the consistence of a concrete mix has not been established. The compressive strength increase for the concretes with the calcareous fly-ash admixture in comparison with the concretes with the siliceous fly-ash was observed. It was established that along with the concrete curing time the compressive strength of the concretes with the siliceous and calcareous ash increases. However, it does not exceed the values for the unmodified concrete. Basing on the bending strength tests, it was established that the highest value of this strength was reached by the concrete with the 15% of calcareous ash content. It was observed that from among the fly-ash admixtures being applied the siliceous ash admixture gives the 1.
2.
3.
4.
5.
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higher value of the splitting tensile strength but it is lower than this for the concrete without admixtures.
The application of fly-ashes extends the scope of mineral admixtures being possible in cement production. The ash quality, in this case calcareous ash, can affect the obtained results − according to the obtained information these ashes are characterized by a high water demand and a high contain of coarse grains having a significant porosity. The introduction of fly-ashes in building construction has a big economic and ecological value because optimizes the cement consumption, allows to apply combustion by--products, saves natural and non-renewable raw material resources and reduces the emission of CO 2 .
